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RECEIVER AND AN ADAPTIVE EQUALIZER blind equalizer (for example, described in "Linear Equal- 

METHOD ization Theory" written by Yoichi Sato, Manizen, 1990). 

Since a blind equalizer operates without utilizing a training 
sequence, the above-mentioned process utilizing training 

TECHNICAL HELD 5 can be avoided. 

FIG. 22 shows a structure of a conventional receiver using 

This invention in general relates to a receiver to be used a blind equalizer described in "Synchronization Establishing 

for a mobile phone or the like. More specifically, this System for Equalizer" written by Masaaki Fujii (Japanese 

invention relates to the receiver and an adaptive equalizer Patent Application Laid-Open No. 6-21 6810 (1994)) In FIG. 

method in the receiver which judges data without utilizing a 22, legend 1 denotes a received signal input terminal, legend 

training sequence for an operation of an adaptive equalizer. 2 denotes a decision value output terminal, legend 3 denotes 

an over-sample sampler, legend 111 denotes a received 

BACKGROUND ART signal storage circuit, legend 102 denotes an equalizer 

utilizing a training sequence, legends 103A, 103B and 103C 

A conventional receiver and adaptive equalizer method (jg^^je equalizers with UW (unique word) detecting 

will be explained below. For example, in wireless commu- 15 function, legend 104 denotes a UW portion error comparing 

nication such as a mobile phone, a non-ignorable delay wave circuit, and legend 105 denotes an optimum phase selecting 

is occasionally generated in a data symbol due to multipath circuit. Here, in later explanation, a training sequence and an 

propagation. If such a delay wave is generated, interference unique word (UW) arc treated as equivalent, 

occurs between code symbols. This phenomenon is called as pic. 23 shows an example of the structure of the blind 

inter-symbol interference. For this reason, an equalizing 20 equalizer 103 with UW detecting function shown in FIG. 22. 

technique, for example, exists as a receiving technique In FIG. 23, legend 7 denotes a UW detector, legend 8 

which overcomes the inter-symbol interference. denotes a received sequence input terminal, legend 13 

FIG, 20 shows a structure of an adaptive equalizer denotes a blind equalizer, legend 107 denotes an error output 

adopted by a conventional receiver. In FIG. 20, legend 1 tenminal, and legend 108 denotes a mask circuit, 

denotes a received signal input terminal, legend 2 denotes a ^5 Operation of the receiver shown in FIG. 22 will now be 

decision value output terminal, legend 3 denotes an over- explained. At first, a received signal, which is over-sampled 

sample sampler, legend 100 denotes a symbol rate data ^7 over-sample sampler 3, is once stored in the received 

output circuit, legend 101 denotes a timing detector utilizing ''^''^^ '^^l'^' ""'[^'^ ^^^h ''"^'^ ''^ 'T^' 

, . . * r circuit 111 outputs an N -systemic received sequence, shown 

a trammg sequence, and legend 102 denotes an equalizer ^ J^^^^ over-sample timing number differs, and 

utihzmg a trammg sequence. N-numbered blind equalizers 103A, 103B, . . . , 103C with 

Operation of this receiver will now be explained. FIG. 21 uw detecting function receive received signals respectively 

is a diagram showing a principle of an over-sample by the Detailed operation of the blind equalizers with UW 

receiver. For example, FIG. 21 shows an example of 8-time detecting function will now be explained with reference to 

over-sample, namely, the case where sampling is performed FIG. 23. At first, the bUnd equalizer 13 which received the 

eight times with 1 symbol cycle. Here, sampling time is received sequence, outputs a decision value and an error 

represented by integer numbers, and over-sample timing value. The UW detector 7 receives the decision value so as 

numbers corresponding to the sampling time are represented to detect UW and instructs the mask circuit 108 on mask for 

by eight numbers from '0' to *7\ Namely, in a sequence mask period other than UW detection time. The mask circuit 

where the over-sample timing number is" 1", data of time '9' 108 outputs an error value which was received except at 

are output as symbol data next to time 'T. For example, mask instructing period. 

when the equalizer 102 operates based on the double over Next, the UW portion error comparing circuit 104 

sampling, data of time '5' are output as over-sample data as receives N-numbcrcd pieces of error information from the 

symbol data next to time '1' in a sequence where the N-numbered blind equalizers 103 with UW detecting 

over-sample timing number is '1'. However, a received function, and outputs timing corresponding to a received 

sequence will be explained as symbol rale data, but over- sequence where the error is the smallest. The optimum phase 

sample data can be treated by similar concept selecting circuit 105 selects a received sequence of a symbol 

In FIG. 20 and FIG. 21, a received signal is first sampled rale from the received signal storage circuit 111 according to 

at predetermined timing by the over-sample sampler 3. Next, the timing instruction from the UW portion error comparing 

the timing detector 101 receives the over-sampled received circuit 104, and outputs the received sequence. Finally, the 

signal and determines over-sample timing numbers shown in equalizer 102 receives the received sequence, and performs 

FIG. 21 by utilizing a training sequence which is a known an adaptive equalizer process utilizing a training sequence 

pattern. Next, the symbol rate data output circuit 100 so as to output a decision value from the decision value 

receives the over-sample timing number, and outputs a output terminal 2. 

received sequence of a symbol rate corresponding to this 55 As mentioned above, in the conventional blind equalizers, 

number. Finally, the equalizer 102 utilizing a training an error signal to be used for timing selection is generated, 

sequence receives the received sequence of the symbol rate, As a result, this is equivalent to the case where the timing 

and creates a decision value which is an estimated value of detector 101 utilizing a training sequence in FIG. 20 is 

a transmission data sequence so as to output the decision realized by utilizing the blind equalizers 103Ato 103C with 

value from the decision value output terminal 2. UW detecting funaion in FIG. 22. Namely, decision values 

In such a manner, normally, the receiver, which uses the of the blind equalizers with UW detecting function are not 

equalizer 102 utilizing a training sequence, once estimates a utilized as a decision value of the adaptive equalizer process, 

position of a training sequence in any manner so as to However, in the conventional receiver described in the 

operate. above publication, there arises the following problems: 

Meanwhile, in addition to such an adaptive equalizer 65 (1) In order that the adaptive equalizer operates, before 

utilizing a training sequence, an equalizer which does not the adaptive equalizer operates, a position of a training 

require a U-aintng sequence exists. This is referred to as a sequence should be known. 
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(2) Even if the blind equalizers are utilized, the equalizer 
which has another structure and utUizes a training sequence 
is required at a later stage. 

(3) It is difficult to reproduce stable timing in an envi- 
ronment of inter-symbol interference. 

SUMMARY OF THE INVENTION 

The present invention is devised in order to solve the 
above problems. It is an object of the present invention to 
provide a receiver which is capable of reproducing stable 
timing even in the environment of inter-symbol interference 
and outputting a decision value in an adaptive equalizer 
process only using a blind equalizer without utilizing a 
training sequence, and relates to an adaptive equalizer 
method in the receiver. 

A receiver of the present invention having an adaptive 
equalizer which judges a transmission data sequence by 
means of an adaptive equalizer process comprises a sam- 
pling unit which samples a received signal at a speed of not 
less than a symbol rate; a signal sequence distributing unit 
which distributes the sampled signal to at least one signal 
sequence with different sampling timing; a plurality of blind 
equalization units with rchability information which output 
decision values (symbol sequences) and their reliability 
information correspondingly to the respective signal 
sequences without utilizing a training sequence; and a 
decision value selecting unit which selects an optimum 
decision value based on the plural pieces of reUability 
information. 

According to the above aspect of this invention, the 
sampling unit samples a received signal at a speed of not less 
than a symbol rate, and the signal sequence distributing unit 
distributes the sampled signal sequence to sequences with 
different over-sample timing numbers. Thereafter, the blind 
equalization unit with reliability information receive the 
distributed signal sequences and perform the adaptive equal- 
izer process so as to output decision data and reliability 
information. Finally, the decision value selecting unit 
receives plural pieces of reUability information and the 
decision data so as to output the decision data with the 
highest reliability as a decision value. 

Further, the blind equalization unit with reliability infor- 
mation include a blind equalization unit which outputs soft 
decision values to which reliability for each symbol is 
added; and a reliability accumulation unit which receives the 
soft decision values per symbol and outputs a cumulative 
value of the reliabilities as reliability information. 

According to this invention, the blind equalization unit 
receive the received sequence and outputs soft decision 
values which are obtained by adding reliability components 
of each symbol are added to the decision values. The 
reliability accumulation unit accumulates the reUabiUties of 
each symbol of the soft decision values so as to output 
reliability information. Here, when a lot of reliability com- 
ponents exist in the soft decision values, the reUability 
information as the cumulative value show a large value. 

Further, the blind equalization unit with reUability infor- 
mation include a blind equalization unit which receives the 
signal sequence and outputs square errors which are gener- 
ated when data are judged as weU as the decision values; and 
a reUability accumulation unit which outputs a cumulative 
value of the square errors as reUability information. 

According to this invention, the bUnd equaUzation unit 
receive the received sequence and output square errors 
which are generated when data are judged as well as the 
decision values. The reUability accumulation unit accumu- 
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lates the square errors so as to output the cumulauve value. 
Here, as the square error cumulative value is smaUer, the 
reUabiUty becomes higher 

Further, a frequency deviation addition unit which adds a 
5 frequency deviation is provided at a stage before the bUnd 
equalization unit with reUabiUty information. 

The frequency deviadon addition unit gives different 
frequency deviations to the received sequences to be sup- 
pUed to the blind equaUzation unit with reUabUity informa- 
tion so that selection of decision data is effective even at the 
same over-sample timing number. 

Further, a synchronization judging unit, which performs 
unique word detection in order to obtain synchronization 
utflizing the decision values output by the plurality of bUnd 
equaUzation units with reUability information so as to detect 
as to whether being in a synchronous state or in an asyn- 
chronous state, is provided. 

For example, when two unique words are detected from 
the decision values and a number of symbols of the unique 
words matches with a known value, a synchronous state is 
obtained. Meanwhile, when two unique words are detected 
and a number of symbols of the unique words does not 
match a known value, or when one unique words is not 
^ detected, an asynchronous state is obtained. 

A receiver of next invention having an adaptive equaUzer 
which judges a transmission data sequence by means of an 
adaptive equaUzer process, comprises a sampUng unit which 
samples a received signal at a speed of not less than a symbol 
rate; a signal storage unit which stores the sampled signal; 
a blind equaUzation unit with reUability information which 
receive a signal sequence from the signal storage unit and 
outputs decision values and their reUability informaUon 
without utilizing a training sequence operating at a clock 
faster than a signal sequence cycle; and a timing control unit 
which controls time at which the signal sequence is output 
and operation Ume of the bUnd equaUzation unit with 
reliability information so as to output decision data with the 
highest reUabiUty as decision values. 

Thus, the sampUng unit samples a received signal at a 
speed of not less than a symbol rate, and the signal storage 
unit stores the over-sampled received signal. Thereafter, an 
over-sample timing number indicated by the operaUon Um- 
ing control unit is output at specified timing and at a speed 
45 faster than the symbol rate. Finally, the blind equaUzation 
unit with reliability information receives a received 
sequence at a speed faster than a symbol rate and outputs 
reUabiUty information and decision data. 

Further, the blind equaUzation unit with reUability infor- 
50 mation includes a bUnd equalization unit which outputs soft 
decision values to which reliability for each symbol is 
added; and a reUability accumulation unit which receives the 
soft decision values per symbol and outputs a cumulative 
value of the reliabiUly as reUability information. 
55 Thus, the bUnd equaUzation unit receives a received 
sequence and outputs soft decision values which are 
obtained by adding reliabiUty components of each symbol to 
the decision values. The reliabiUty accumulation unit accu- 
mulates the reliabiUUes of each symbol of the soft decision 
60 values so as to output reUabiUty information. Here, when a 
lot of reliabiUty components exist in the soft decision values, 
the reUability information as the cumulaUve value shows a 
large value. 

Further, the blind equaUzation unit with reUability infor- 
65 mation includes a bUnd equalization unit which receives the 
signal sequence and outputs square errors which are gener- 
ated when data are judged as weU as the decision values; and 
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a reliability accumulation unit which outputs a cumulative The decision value selecting unit generates timing infor- 

value of the square errors as reliability information. mation including the finally selected timing and unique word 

Thus, the blind equalization unit receives a received detected result. Further, the reproduction Uming generating 

sequence, and outputs square errors which are generated umt outputs a reproduction timing signal based on the timing 

when data arc judged as weU as the decision values. The 5 mfonnation to be a reference. 

reliability accumulation unit accumulates the square errors ^^^^^^^ ^ reproduction tuning generating unit which 

so as to output the cumulative value. Here, as the square ' reproduction timmg signal based on timing 

error cumulative value is smaUer, the reUabUity becomes ^^^^^'^^^ mduding output tmung of the decision value 



higher. 



and the unique word detected result, is provided. 
.^J The timing control unit generates timing information 

Further, a frequency deviation addition unit which adds a including the finally selected timing and unique word 

frequency deviation is provided at a stage before the blind detected result. Further, the reproduction timing generating 

equalization unit with reliabiUty information. unit outputs a reproduction timing signal based on the timing 

The frequency deviation addition unit gives different information to be a reference, 

frequency deviations to received sequences to be supplied to Further, the sampling unit samples a plurality of received 

the bUnd equalization unit with reUability information so signals individually at a speed of not less than a symbol rate, 

that selection of the decision data is effective even at the Apluralityof sampling unit are provided, and a frequency 

same over-sample timing number. of an operation clock of the blind equalization unit with 

Further, length of a channel memory which is a parameter retiabihty information is given so that a plurality of different 
oftheblindcqualizatioDunitwithreliabilityinformationand 20 ^^^^1^^^ signals are processed. 

the frequency deviation can be controUed. ^ adaptive equalizer method according to next invention 

THe timing control unit forcibly changes a channel J^^^^^g ' transmission data sequence comprises the 

memory length which is a parameter of the blind cquaUza- f *°^P^°e step of sampbng a received signal at a speed of not 

tion unit with reliabiUty information and frequency devia- ^^f^*^^,^ ^.^^^^^^ T'^ sequence distnbuUng step 
tions given by the frequency deviation addition unit. 25 distnbuting the sampled signal to at least one signa 

„ , , . sequence with diEferent samplmg timing; the decision value/ 

Further, a synchronization judging unit which performs ^ji^^ilily information output step of outputting decision 

unique word detection in order to obtain synchronization ^^^^^^ y,^;^ ,^1;^^;^ info^^j^o correspondingly to 

using the decision values and making a judgment as to ^ [^^^ ^^^^^ ^^^^^ ^ ^^^^^^ 

whether bemg m a synchronous sUte or m an asynchronous ^^^^^^^ ^^j^^ ^^^^^^^ ^,^p ^^1^,;^^ 

state, is provi . optimum decision value based on the plural pieces of 

The synchronization judging unit makes a judgment as to reliability information, 
where the receiver is in a synchronous state or in an According to the' above-mentioned aspect of this 
asynchronous state by utilizmg the decision values. As a invention, a received signal is sampled at a speed of not less 
resdt, the over-sample tmiing number of the signal sequence ^ ^ol rate by the sampling step. The sampled signal 
IS changed. For example, when the synchronization is not ^^^^^^ ^ distributed to sequences with different over- 
established, intervals between the over-sample tmiing num- ^^^^ers. Thereafter, at the decision value/ 
bers are d^tributed thoroughly. MeanwhUe, when the syn- ,,,i,bnity information output step, the distributed signal 
chromzation is estabhshed, the inteivals between the over- sequences, and decision data and reliabiUty information are 
sample liming numbers are set finely so that accuracy of the ^^^^^^ ^y execuUng an adaptive equaUzer process. Finally, 
Uraing synchramzation is heightened. ^^ ^^^^^^^^ ^^^^ selecting step, a plural pieces of 
Further, a synchronization judging unit which performs reliability information and decision data are received, and 
unique word detection in order to obtain synchronization for the decision data with the highest reliability are output as a 
each of the blind equalization units with reliability informa- decision value. 

tion and making a judgmem as to whether being in a p^^hcr, the decision value/reliability information output 
synchronous state or in an asynchronous state individuaUy, gj^p includes the soft decision value output step of output- 
is provided. decision values to which reliability of each symbol 
Each synchronization judging unit performs unique word is added; and the reliability cumulative step receiving the 
detection on the decision data output by the blind equatiza- soft decision values of each symbol so as to output a 
tion unit with reUabiUty information, and outputs the cumulative value of the reliabilities as reliability informa- 
detected results and detection timing. Further, the decision tion. 

value selecting unit selects a decision value using not only decision value output step, soft decision values 

the reliability information but also the unique word detected ^hich are obtained by adding reHabiUty components of each 

results and detection timing. symbol to the decision values are output, and at the reli- 

Further, a reproduction timing generating unit which 55 ability cumulative step, the reliabilities of each symbol of 

generates a reproduction timing signal based on timing the soft decision values are cumulated so that the reliabiUty 

information including output timing of the optimum deci- information is output. Here, when a lot of reUability com- 

sion value and the unique worf detected result, is provided. ponents exist in the soft decision values, the reliabiUty 

The decision value selecting unit creates timing informa- information as the cumulative value shows a large value, 

tion including the finally selected timing and unique word Further, the decision value/reliability information output 

detected result. Furtiier, the reproduction timing generating step includes the square error output step of receiving the 

unit outputs a reproduction timing signal based on the timing signal sequence and outputs square errors which are gener- 

informatioD to be a reference. ated when data are judged as weU as the decision values; and 

Further, a reproduction timing generating unit which Ibe reUability cumulative step of outputting a cumulative 
generates a reproduction timing signal based on timing 65 value of the square enrors as reUability information, 

information including output timing of the optimum deci- At the decision value/reUability information output step, 

sion value and the unique word detected result, is provided. square errors which are generated when data are judged as 
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weU as ihe decision values are output, and at the reliability 
cumulative step, the square errors are cumulated so that the 
cumulative value is output. Here, as the square error cumu- 
lative value is smaller, its reliability becomes higher. 

Further, the frequency deviation adding step of adding a 
frequency deviation is provided before the decision value/ 
reliability information output step is executed. 

At the frequency deviation adding step, different fre- 
quency deviations are given to the received sequence so that 
the selection of the decision data is effective even at the 
same over-sample liming number. 

Further, the synchronization judging step of performing 
unique word detection in order to obtain synchronization 
using the plural decision values and making a judgment as 
to whether or not being in a synchronous state or in an 
asynchronous state, is provided. 

For example, when two unique words are detected from 
the decision values and a number of symbols of the unique 
words matches with a known value, the synchronous state is 
obtained. Meanwhile, when the two unique words are 
detected and a number of symbols of the unique words does 
not match with the known value, or when one unique words 
is not detected, the asynchronous stale is obtained. 

An adaptive equalizer method according to next invention 
of judging a transmission data sequence comprises the 
sampling step of sampling a received signal at a speed of not 
less than a symbol rate; the signal storage step of storing the 
sampled signal; the' decision value/reliability information 
output step of receiving a signal sequence stored at the signal 
storage step and operating at a clock faster than a signal 
sequence cycle so as to output decision values and their 
reliability information without utilizing a training sequence; 
and timing control step of controlling time at which the 
signal sequence is output and operation time of the decision 
value/reliability information output step so as to output 
decision data with the highest reliability as a decision value. 

According to the above-mentioned aspect of this 
invention, a received signal is sampled at a speed of not less 
than a symbol rate by the sampling step. The received signal 
over-sampled is stored at the signal storage step. Thereafter, 
an over-sample timing number which is indicated at the 
operation timing control step is output at specified timing 
and at a speed faster than the symbol rate. Finally, at the 
decision value/reliability information output step, a received 
sequence is received at a speed faster than the symbol rate, 
and rehability information and decision data are output. 

Further, the decision valne/reliability information output 
step includes the soft decision value output step of output- 
ting soft decision values to which reUability of each symbol 
is added; and the reliability cumulative step of receiving the 
soft decision values of each symbol and outputs a cumula- 
tive value of the reliabilities as reliability information. 

At the soft decision value output step, soft decision values 
which are obtained by adding reliability components of each 
symbol to the decision values are output. At the reUability 
cumulative step, the reliabilities of each symbol of the soft 
decision values are cumulated so that the reliability infor- 
mation is output. Here, when a lot of reliability components 
exist in the soft decision values, the reliability information 
as the cumulative value shows a large value. 

Further, the decision value/reliability information output 
step inchides the square error output step of receiving the 
signal sequence and outputs square errors which are gener- 
ated when data are judged as well as the decision values; and 
the reliability cumulative step of a cumulative value of the 
square errors as reliability information. 
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At the decision value/reliability information output step, 
square errors w^ich are generated when data are judged as 
well as the decision values arc output The reliability cumu- 
lative step, the square errors are cumulated so that the 
5 cumulative value is output. Here, as the square error cumu- 
lative value is smaller, its reliability becomes higher. 

Further, the frequency deviation adding step of adding a 
frequency deviation is provided before the decision value/ 
reliability information output step is executed. 
10 At the frequency deviation adding step, different fre- 
quency deviations are given to a received sequence so that 
selection of decision data is effective at the same over- 
sample timing number. 

Further, length of channel memory which is a parameter 
15 at the decision value/reliability information output step and 
the frequency deviation can be controlled. 

At the timing control step, channel memory length which 
is a parameter of the decision value/reliability information 
output step and the frequency deviations given at the fre- 
'^^ quency deviation adding step are changed forcibly. 

Further, the synchronization judging step of performing 
unique word detection in order to obtain synchronization 
utilizing the decision values and making a judgment as to 
being in a synchronous slate or in an asynchronous state, is 
provided. 

At the synchronization judging step, a judgment is made 
as to whether the receiver is in a synchronous state or in an 
asynchronous state by utilizing the decision values. As a 
result, the over-sample timing number of the .signal sequence 
is changed. For example, when the synchronization is not 
established, intervals between the over-sample timing num- 
bers are distributed thoroughly, whereas when the synchro- 
nization is established, the intervals between the over- 
sample timing numbers are set finely so that the accuracy of 
'^^ timing synchronization is heightened. 

Further, the synchronization judging step of performing 
unique word detection in order to obtain synchronization in 
the unit of the decision value/reliability information output 
step of outputling the decision values and their reliabilities 
and making a judgment as to whether being in a synchronous 
state or in an asynchronous state, is provided. 

At the synchronization judging step, unique words are 
detected based on the decision data output from the plural 
blind equalization units, and the detected results and detec- 
tion timing are output. Further, at the decision value select- 
ing step, the decision value is selected by using not only the 
reliability information but also the unique word detected 
results and the detection timing. 
5Q Further, the reproduction timing generating step of gen- 
erating a reproduction timing signal based on timing infor- 
mation including output timing of the optimum decision 
value and the unique word delected result, is provided. 

At the decision value selecting step, timing information 
55 including finally selected timing and the unique word 
detected results is generated. Further, at the reproduction 
liming generating . step, a reproduction liming signal is 
output based on the timing informalion to be a reference. 

Further, the reproduction timing generating step of gen- 
60 erating a reproduction liming signal based on timing infor- 
mation including output timing of the optimum decision 
value and the unique word detected result, is provided. 

At the decision value selecting step, timing informalion 
including finally selected timing and the unique word 
65 detected results is generated. Further, at the reproduction 
timing generating step, a reproduction liming signal is 
output based on the timing information to be a reference. 
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Furlher, the reproduction liming generating step of gen- 
erating a reproduction timing signal based on timing infor- 
mation including output timing of the decision values and 
the unique word detected result, is provided. 

At the timing control step, timing information including 
finally selected timing and the unique word detected results 
is generated. Fiu-thcr, at the reproduction timing generating 
step, a reproduction timing signal is output based on the 
timing information to be a reference. 

Further, the sampling step samples a plurality of received 
signals at a speed of not less than a symbol rate individually. 

A plurality of received signals are sampled individually, 
and frequencies of an operation clock of the blind equalizers 
are given sot bat the plural different received signal are 
processed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a structure of a receiver according to a first 
embodiment of the present invention; 

FIG. 2 is a diagram showing a structural example of a 
bUnd equalizer with reUability information; 

RG. 3 is a diagram showing a structural example of a 
bhnd equalizer with reliability information different from 
FIG. 2; 

FIG. 4 shows a structure of a blind equalizer with reli- 
abihty information different from FIG. 2 and FIG. 3; 

FIG. 5 shows a structure of the receiver according to a 
second embodiment of the present invention; 

FIG. 6 is a diagram for explaining a synchronous/ 
asynchronous state; 

FIG. 7 is a diagram showing over-sample timing numbers 
under a condition that synchronization is not established; 

FIG. 8 is over-sample timing numbers which are changed 
by a received signal output circuit; 

FIG. 9 is a diagram showing a state that rehability of the 
over-sampling timing nimibers changes; 

FIG, 10 is a diagram showing changed over-sample 
timing numbers when the rehability of the over-sample 
timing numbers changes; 

FIG. 11 shows a structure of the receiver according to a 
third embodiment of the present invention; 

FIG. 12 is a diagram showing a relationship between a 
writing process and a reading process when a dual port RAM 
is imaged as a received signal storage circuit; 

FIG. 13 is a diagram showing a structural example of a 
blind equalizer with rehability information different from 
FIG. 2 and FIG. 3; 

FIG. 14 shows a structure of the receiver according to a 
fourth embodiment of the present invention; 

FIG. 15 shows a structure of the receiver according to a 
fifth embodiment of the present invention; 

FIG. 16 shows a structure of the receiver according to a 
sixth embodiment of the present invention; 

FIG. 17 shows a structure of the receiver according to a 
seventh embodiment of the present invention; 

FIG. 18 shows a structure of the receiver according to an 
eighth embodiment of the present invention; 

FIG. 19 shows a structure of the receiver according to a 
ninth embodiment of the present invention; 

FIG. 20 shows a structure of an adaptive equalizer 
adopted in a conventional receiver; 

FIG. 21 is a diagram showing a principle of the over- 
sample by the receiver; 
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FIG. 22 shows a strucmre of a conventional receiver, and 
FIG. 23 shows a structure of a bUnd equahzer with IJW 
detecting function. 

5 BEST MODE FOR CARRYING OUT THE 

INVENTION 

In order to detail the present invention, an explanation 
will be given with reference to the attached drawings. 
At first, a structure of a receiver according to a first 

10 embodiment of the present invention wiQ be explained. FIG. 
1 shows a structure of the receiver according to a first 
embodiment of the present invention. In FIG. 1, legend 1 
denotes a received signal input terminal, legend 2 denotes a 
decision value output terminal, legend 3 denotes an ovtr- 

1^ sample sampler, legend 4 denotes a received sequence 
output circuit, legends 5A, 5B, 5C, . . . denote bhnd 
equaUzers with rehability information, and legend 6 denotes 
a decision data selecting circuit. 
FIG. 2 is a diagram showing a structural example of the 

^'^ blind equalizer with reUability information. In FIG. 2, leg- 
end 8 denotes a received sequence input terminal, legend 9 
denotes a decision data output terminal, legend 10 denotes 
a reliability information output terminal, legend 11 denotes 
a soft decision output blind equahzer, and legend 12 denotes 
a reliability component accumulation circuit. 

FIG. 3 is a diagram showing a structural example of the 
blind equalizer with rehability infonnation different from 
FIG. 2. In FIG. 3, legend 13 denotes a bhnd equalizer, and 
legend 14 denotes a square error cumulative circuit. Here, 
the same legends are provided to the components which are 
the same as those in FIG. 2 explained above, and the 
description thereof is omitted. 

Operation of the receiver of the present embodiment will 
now be explained. At first, a received signal is sampled by 
the over-sample sampler 3 at a speed of not less than a 
symbol rate. Next, the received sequence output circuit 4 
distributes the over-sampled received signal as a plurality of 
received sequences to sequences with different over-sample 

^ timing numbers. Here, signal sequences of the same sam- 
pling timing are occasionally allowed to exist. 

Next, the N-numbered blind equaUzers 5A to 5C with 
rehability information receive the received sequences indi- 
vidually from the received sequence output circuit 4, and 

45 perform an adaptive equahzer process without utilizing a 
training sequence, and outputs decision data and reUability 
information. The reUabilhy information does not represent 
reUability per symbol such as soft decision values but 
represents reUability of whole data sequence. Moreover, 

5Q there exist the blind equalizers with reliability informaUon, 
a number of which is the same as a number of signal 
sequences with different sampling timing or is larger than 
this number. 

Finally, the decision data selecUng circuit 6 receives 
55 N-numbered pieces of reUability information and decision 
data, and outputs decision data output by the bUnd equahzer 
with the highest rcliabiUty information as a decision value. 

As mentioned above, the present embodiment has the 
above structure so that data can be judged stably without 
60 utilizing a training sequence. Here, a method of reaUzing the 
blind equalizer is detailed in, for example, "Adaptive 
maximimi-likelihood sequence estimation by means of com- 
bined equaUzalion and decoding in fading environments" 
written by H. Kubo and the others (IEEE JSAC, pp. 
65 102-109, 1995). - 

Methods of realizing the blind equaUzers with reUability 
information shown in FIG. 2 and FIG. 3 will now be 
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explaiaed. For example, FIG. 2 shows a method of realiziag 
the blind equalizers with reliability information 5A to 5C 
shown in FIG. 1. A method of realizing the soft decision 
output bhnd equalizer 11 is detailed in, for example, "An 
Adaptive Soft-Output Viterbi Equalizer for Fast rime- 
Varying Frequency Selective Fading" by Nagayasu ct. al., 
(literature of lEICE B-II, pp.397-386, 1997). Moreover, as 
is clear from "Comparison on maximum-likelihood 
sequence estimator schemes incorporating carrier phase 
estimation" written by H. Kubo and the others (IEEE Trans. 
Commun.,pp. 14-17, 1999), multiplex differential detection 
which is one kind of differential detection (including differ- 
ential detection) can be treated as one example of the blind 
equalizer. 

The soft decision output blind equalizer 11 shown in FIG. 
2 receives a received sequence, and outputs soft decision 
values which are obtained by adding reliability components 
for respective symbols to decision values. The reliability 
component accumulation circuit 12 accumulates reliability 
for each symbol of the soft decision values and outputs 
reliability information. Namely, when a lot of reliability 
components exist in the soft decision values, the reliability 
information which are the cumulative value of the reliability 
components show a large value. 

Meanwhile, FIG. 3 shows another method of realizing the 
blind equalizers with reliability information 5A and SB in 
FIG. 3. The blind equalizer 13 receives a received sequence 
and outputs a square error (for example, a metric normalized 
value of a Viterbi equalizer) which is generated when data 
are judged as well as a decision value. As described in 
''Adaptive maximum-likelihood sequence estimation by 
means of combined equalization and decoding in fading 
environments" written by H. Kubo and the others (IEEE 
JSAC, pp. 102 to 109, 1995), when the blind equalizer 13 
operates based on a Viterbi algorithm, an operation for 
normalizing each symbol time using the smallest path metric 
(square error) is utilized, and the smallest path metric is to 
be a square error which is used in the square error cumu- 
lative circuit 14. Therefore, the square error cumulative 
circuit 14 accumulates the square errors so as to output it. 
Here, as the square error cumulative value is smaller, its 
reliability is higher. 

In addition, the received sequence output circuit 4 nor- 
mally outputs received signals of different over-sample 
timing numbers to the respective bhnd equalizers with 
reliability information 5. However, for example, thirty-two 
bund equalizers with reliability information are prepared in 
FIG. 1 (N=32), eight received sequences of different over- 
sample timing numbers are supplied to the eight blind 
equalizers with reliabihty information which are classified 
by four parameters (for example, a channel memory length). 
Such a method (4x8='32) is considered. This process enables 
stable data demodulation even in wider channels. 

In addition, in the respective bUnd equalizers with reli- 
ability information, if parameters are different, weighting 
factors which are multiplied by reliability information 
between different parameters have different values 
(normally, all the factors arc 1, but the factor is 1 for a certain 
parameter and the factor is 2 for another parameter). As a 
result, selecting accuracy of decision values can be 
improved. 

FIG. 4 shows a structure of the blind equalizer with 
reliability information different from FIG. 2 and FIG. 3. In 
FIG. 4, legend 5 denotes the aforementioned bhnd equahzer 
with re U ability information of FIG. 2 or FIG. 3, legend 8 
denotes the symbol rate received sequence input terminal, 
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legend 9 denotes the decision data output terminal, legend 
10 denotes the reliabihty information output tenninaJ and 
legend 16 denotes a fixed frequency addition circuit. 
In the blind equalizer with reliability information shown 

5 in FIG. 4, for example, when the fixed frequency deviation 
addition circuit 16 gives a different fi-equency deviation to a 
received sequence to be supphed to the blind equalizer with 
reliability information 5, selection of decision data is effec- 
tive even with the same over-sample timing number. In this 
case, the fixed frequency deviation addition circuit 16 is 
provided at a stage before the bhnd equalizer with rehabihty 
information 5 so that a forced frequency deviation is given. 
This process enables an amount of frequency deviation 
capable of being demodulated to be increased. 

As mentioned above, in the present embodiment, it is not 
necessary to utilize a training sequence like a conventional 
art, and a decision value in the adaptive equalizer process 
can be output only by the process using the blind equalizers 
with reUability information. 

^ FIG. 5 shows a structure of the receiver according to a 
second embodiment of the present invention. In the present 
embodiment, the same legends are provided to the compo- 
nents which are the same as those in the aforementioned first 
embodiment, and the description thereof is omitted. In FIG. 

^ 5, legend 7 denotes a UW (unique word) detector. 

In the present embodiment, the operation which is the 
same as that in the first embodiment is performed basically, 
but a difference with the first embodiment is that, for 
example, the UW detector 7 performs UW detection utiliz- 
ing a decision value and makes a judgment as to whether the 
receiver is in a synchronous state or in an asynchronous 
state. Namely, the present embodiment is characterized in 
that the over-sample timing number of the received 
sequence output by the received signal output circuit 4 is 
changed by the judging process. 

FIG. 6 is a diagram for explaining a synchronous/ 
asynchronous state based on a relationship between trans- 
mission data and a decision value. For example, when two 
UWs are detected from the decision value and a number of 
symbols between UWs matches with a known value (a 
number of data symbols in the drawing), the receiver is in 
the synchronous state. Meanwhile, when two UWs are 
detected and a number of symbols between UWs is different 
from a known value, or when one UW cannot be detected, 

45 the receiver is in the asynchronous state. In the present 
embodiment, data which are judged as in the asynchronous 
state are not selected as decision data so that accuracy of a 
decision value is heightened. 
In FIG. 7 to FIG. 10, as for the case where four blind 

50 equalizers with reliability information (N=4) are prepared, 
over-sample timing numbers which are selected by the 
received signal output circuit 4 at the time of 8-time over- 
sample are shown. 
At first, FIG. 7 shows over-sample timing numbers under 

55 a condition that synchronization is not established. Since 
synchronization is not established, the over-sample timing 
numbers *0\ '2', '4' and '6' are selected uniformly, for 
example. 

Next, when UW synchronization is established and at this 
60 time the over-sample timing number ' 6' is the most reliable 
and the over-sample timing number '4' is the second most 
reliable, the over-sample timing number is changed into '4', 
'5', '6' and '7', for example, namely, timing at which the 
reUabihty is estimated to be high with reference to the 
65 rehabiUty of FIG. 7, FIG. 8 shows over-sample timing 
numbers which are changed by the received signal output 
circuit 4 after synchronization is established. 
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Nexi, when the over-sample timing number '5* is most (normally, all the weight factors are 1 but the weight factor 

reliable, the over-sample timing number is second most is I for a certain parameter, and the weighting factor is 2 for 

reliable, and the over-sample timing number '4' is third most another parameter). As a result, selecting accuracy of a 

reliable as shown in FIG. 8, the over-sample timing numbers decision value can be improved, 
are not changed until synchronization is off. s FIG. 12 is a diagram showing a relationship between a 

When time passes and the over-sample timing number '5' ^^"g P^°^^ ^""^ ^ P^^^^ ^ ^^^^^^^ ^'^^^ 

is most reUable, the over-sample timing number '4' is second ^'T''^'''' ^ming control ciroiit 18 when a dual port 

most reUable, and the over-sample timbg number '6' is third ^ ^ I'^'^l^ ^ the received signal storage cucuil 17 m 

* 1- i_i / nn n\ iT • i-^^ inr t "16 fcceivcr havmg the above structure. In the present 

mostrehable(see FIG.9),assbownmFIG.10forex^^^^^ embodiment, the operation tuning of the received signal 
^e over-sample timmg numbers are changed into '3 , '4 , lo ^^^.^ is controUed as shown in the drawing In 

5 and 6. As menUoned above, FIG. 9 is a diagram this example, a speed of the received sequence output from 
showmg the case where the rehabihly of the over-sample received signal storage circuit 17 is twice as fast as a 

timing numbers are changed. FIG. 10 is a diagram showing symbol rate. Moreover, it is assumed that the received signal 

the changed over-sample timing numbers when the rehabil- is 8-time sampled by the over-sample sampler 3. 
ity of the over-sample timing numbers is changed. 15 ^^^^ ^ ^^^^ ^^^^-^^ ^^^^,^1 

In the present embodiment, when synchronization is is stored in the received signal storage circuit 17 to some 

established, the over-sample timing numbers selected by the degree, namely, a received sequence with the over-sample 

received signal output circuit 4 are changed according to liming number '0' of about Va of actual data length is 

fluctuation in the reliabihty. As a result, the effect which is processed by the blind equalizer with reliability information 

similar to that of the first embodiment can be obtained, and 5 at timing a so that reliability mforraation is obtained. Next, 

establishment or un-cstablishmcnt of synchronization is attimingb, a received sequence with the over-sample timing 

judged by utilizing the UW detector 7. For example, when number '2' is processed in a similar manner. At timing c, a 

synchronization is not established, intervals between the received signal with the over-sample timing number '4* is 

over-sample timing numbers are distributed thoroughly. processed in a similar manner. At timing d, a received 

Meanwhile, when synchronization is established, the inter- sequence with the over-sample timing number '6' is pro- 

vals between the over-sample timing numbers are set finely cessed in a similar manner. 

so that accuracy of the timing synchronization is heightened. in such a manner, the reliability information is created for 

As a result, satisfactory characteristic can be realized by a the received sequences with the four over-sample timing 

small number of blind equalizers with reliability informa- numbers, and a period required for selecting the over-sample 

lion. timing number with the highest rehability shows a timing 

FIG. 11 shows a structure of the receiver according to a selecting period shown in the drawing, 
third embodiment of the present invention. In FIG. U, In addition, the blind equalizer with reliability informa- 

Icgcnd 1 denotes the received signal input terminal, legend tion 5D receives the received sequence with the selected 

2 denotes the decision value output terminal, legend 3 over-sample timing number at timing e, and decision data 

denotes the over-sample sampler, legend 5D denotes the for actual data length are output. In the present embodiment, 

bhnd equalizer with reliability information, legend 17 the operation shown in FIG. 12 is performed repeatedly, 
denotes a received signal storage circuit, and legend 18 Iq the present embodiment, the operation shown in FIG. 

denotes an operation timing control circuit. 12 is performed so that the decision values can be output 

At first, a received signal is sampled by the over-sample 40 stably without utilizing a training sequence similarly to the 

sampler 3 at a speed which is not less than a symbol rate. firth and second embodiments. Moreover, the received sig- 

Next, the received signal storage circuit 17 once stores the nal is once stored in the received signal storage circuit 17, 

over-sampled received signal, and outputs an over-sample and the operating speed of the bUnd equalizer with reliabihty 

timing number indicated by the operation timing control information 5D is doubled so that the above process can be 
circuit 18 at specified timing and at a speed which is faster 45 processed for actual time. 

than the symbol rate. Finally, the blind equalizer with In addition, in the present embodiment, when an operating 

reliabihty information 5D receives a received sequence at a clock of the bhnd equalizer with reliabihty information 5D 

speed faster than the symbol rale, and outputs reliability is set to be higher, when a length of the received sequence 

information and decision data. In the present embodiment, to be used for obtaining reliability information is set to be 
the operation timing control circuit 18 compares rcliabihties 50 longer than a length of the decision value sequence, the 

corresponding to the over-sample timing numbers, and out- process can be performed for actual time, 
puts decision data with the highest rehability as a decisioD FIG. 13 is a diagram showing a structural example of the 

value. Moreover, the blind equaUzer with rehability infor- bhnd equahzer with reliabihty information 5D different 

mation 5D has, for example, the aforementioned structure from FIG. 2 and FIG. 3. Here, the bhnd equalizer with 
shown in FIG. 2 and FIG. 3. 55 rehability mformation 5 shown in FIG. 13 is the bhnd 

In addition, in the present embodiment, a plural pieces of equahzer with reliabihty information shown in FIG. 2 or 

reliabihty information and decision data are not once held as FIG. 3, and it is similar to that shown m FIG. 4 except that 

mentioned above, but for example, only the rehability a fixed frequency deviation input terminal is provided, 
information is once held, and the over-sample timing num- In addition, in the receiver shown in FIG. 11, the opera- 
bcr with the highest rehability is selected. Thereafter, the 60 tion timing control circuit 18 may control (change) param- 

bhnd equahzer with rehability information is operated for eters of the blind equahzers forcibly. More concretely, for 

the received sequence corresponding to the selected over- example, a channel memory length and a frequency devia- 

sample timing number so that a decision value may be tion to be given by the fixed frequency deviation addition 

obtained. Moreover, when parameters of the respective blind circuit 16 are changed as parameters. When such a function 
equahzers with rehabiUty information are different from one 65 is added so that, in the present embodunenl, firequency 

another, weighting factors which are multiplied by the coverage where the receiver operates can be enlarged, and a 

reliabihty information are different from one another stable operation in a wider channel can be performed. 
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FIG. 14 shows a structure of the receiver according to a omitted. In FIG. 16, legend 20 denotes a reproduction timing 

fourth embodiment of the present invention. In the present output terminal, and legend 21 denotes a timing reproducing 

embodiment, the same legends are provided to the compo- circuit. 

ncnts which arc the same as those in the aforementioned La the present embodiment, the operation which is the 
third embodiment, and the description thereof is omitted. In 5 same as that in the second embodiment is basically 

FIG. 14, legend 7 denote a UW (unique word) detector. performed, but a difference with the second embodiment is 

In the present embodiment, the operation which is the that, for example, the decision data selecting circuit 6 creates 

same as thai in the third embodiment is basically performed, timing information including finally selected timing and a 

but a difference with the third embodiment is that the UW UW detected result of the UW detector 7. Further, the timing 
detector 7 performs UW detection utilizing a decision value lo reproducing circuit 21 outputs a reproduction timing signal 

and makes a judgment as to whether the receiver is in the based on the timing information to be a reference, 

synchronous state or in the asynchronous state. Namely, the in the present embodiment, in the same manner as in the 
present embodiment is characterized in that an over-sample . first embodiment, it is not necessary to utilize a training 

timing number of a received sequence output by the received sequence, and a decision value in the adaptive equalizer 
signal storage circuit 17 is changed by the above judging 15 process can be output only by the process using the blind 

process. Since this changing method is the same as that equalizers with reliability information, 

shown in FIG. 7 to HG. 10, the description thereof is .Edition, in the present embodiment, in the same 

omitted. manner as in the second embodiment, for example, intervals 

In the present embodiment, similarly to the third of the over-sample timing numbers are distributed thor- 

embodiment, an addition value of a frequency deviation and oughly when synchronization is not established, whereas the 

parameters of blind equalizers can be changed, and the intervals of the over-sample timing numbers can be set finely 

over-sample timing number of the received sequence output when synchronization is established. Additionally, the tim- 

by the symbol rate received signal output circuit 4 is ing reproducing circuit 21 outputs a reproduction timing 

changed according to circumstances. When such a function signal based on the timing information created by the 
is added, the effect similar to that in the third embodiment ^ decision data selecting circuit 6 so that accuracy of timing 

can be obtained, and enlargement of frequency coverage synchronization can be heightened. For this reason, in 

where the receiver operates and the stable operation in a comparison with the second embodiment, a more satisfac- 

wide channel can be realized accurately. lory demodulation characteristic can be realized. 

FIG. 15 shows a structure of the receiver according to a FIG. 17 shows a structure of the receiver according to a 
fifth embodiment of the present invention. In the present seventh embodiment of the present invention. In the present 
embodiment, the same legends are provided to the compo- embodiment, the same legends are provided to the compo- 
nents which are the same as those in the aforementioned first nents which are the same as those in the aforementioned 
embodiment, and the description thereof is omitted. In FIG. first, second, fifth or sixth embodiments, and the description 
15, legends 7A, 7B and 7C denote UW detectors. thereof is omitted. In FIG. 17, legend 20 denotes the 

In the present embodiment, the operation which is the reproduction timing output terminal, and legend 21 denotes 

same as that in the first embodiment is basically performed, the timing reproducing circuit. 

but a difference with the first embodiment is that, for In the present embodiment, the operation which is the 

example, the UW detectors 7A, 7B and 7C perform UW same as that in the fifth embodiment is performed basically, 

detection on decision data output by blind equalizers with but a difference with the fifth embodiment is that, for 

reliability information 5A, 5B and 5C, and output the example, the decision data selecting circuit 6 creates timing 

detected results and detection timing. The decision data information including finally selected timing and a UW 

selecting circuit 6 selects a decision value utilizing not only detected result of the UW detector corresponding to a 

reliability information but also the UW detected results and selected equalizer, and the timing reproducing circuit 21 

the detection timing (synchronous/asynchronous outputs a reproduction timing signal based on the timing 

information) Since details about synchronization/non- information to be a reference. 

synchronization are similar to those in FIG. 6, the descrip- Iq the present embodiment, in the same manner as in the 

tion thereof is omitted. g^st embodiment, it is not necessary to utilize a training 

As mentioned above, in the present embodiment, simi- sequence, and a decision value in the adaptive equalizer 
larly to the first embodiment, it is not necessary to utiUze a 50 process can be output only by the process using the blind 

training sequence, and a decision value in the adaptive equafizers with reliability information, 

equdizer process can be output only by the process using the in addition, in the present embodiment, in the same 

bUnd equalizers with reUabiUty information. manner as in the fifth embodiment, the UW detectors 7A, 7B 

Further, in the present embodiment, the UW detectors 7A, and 7C output UV detected results and their detection timing 
7B and 7C output the UW detected results and the detection 55 based on decision data obtained by the corresponding blind 

timing based on the decision data obtained by the blind equalizers with reliability information 5A, 5B and 5C. The 

equalizers with reliability information 5A, 5B and 5C. The decision data selecting circuit 6 selects a decision value 

decision data selecting circuit 6 selects a judged result based based on the UW detected results and the detection timing, 

on the UW delected results and the detection timing. For this For this reason, in comparison with the case where a 
reason, in comparison with the case where a decision value 60 decision value is selected based on only reliability 

is selected based on only reliabihty information, decision information, decision data with higher accuracy can be 

data with higher accuracy can be output. output. 

FIG. 16 shows a structure of the receiver according to a In addition, in the present embodiment, similarly to the 

sixth embodiment of the present invention. In the present sixth embodiment, in addition to the above effect, the timing 
embodiment, the same legends are provided to the compo- 65 reproducing circuit 21 outputs a reproduction timing signal 

nenls which are the same as those in the aforementioned first based on the timing information created by the decision data 

or second embodiments, and the description thereof is selecting circuit 6 so that accuracy of timing synchronization 
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can be heightened. For this reason, more satisfactory 
demodulation characteristic can be realized in comparison 
with the sixth embodiment. 

FIG. 18 shows a structure of the receiver according to an 
eighth embodiment of the present iovention. In the present 
embodiment, the same legends are provided to the compo- 
nents which are the same as those in the aforementioned 
third or fourth embodiments, and the description thereof is 
omitted. In FIG. 18, legend 20 denotes the reproduction 
timing output terminal, and legend 21 denotes the timing 
reproducing circuit. 

In the present embodiment, the operation which is the 
same as that in the fourth embodiment is performed 
basically, but a difference with the fourth embodiment is 
that, for example, the operation timing control circuit 18 
creates timing information including finally selected timing 
and a UW delected result of the UW detector 7, and the 
timing reproducing circuit 21 outputs a reproduction timing 
signal based on the timing information to be a reference. 

In the present embodiment, in the same manner as in the 
third and fourth embodiments, an addition value of fre- 
quency deviation and parameters of the blind equalizer can 
be changed, and enlargement of frequency coverage where 
the receiver operates and a stable operation in a wider 
channel can be realized more accurately. 

In addition, in the present embodiment, the timing repro- 
ducing circuit 21 outputs a reproduction timing signal based 
on the timing information created by the operation timing 
control circuit 18 so that accuracy of timing synchronization 
can be heightened. For this reason, more satisfactory 
demodulation characteristic can be realized in comparison 
with the third or forth embodiments. 

FIG. 19 shows a structiu*e of the receiver according to a 
ninth embodiment of the present invention. In the present 
embodiment, the same legends are provided to the compo- 
nents which are the same as those in the aforementioned firth 
to eight embodiments, and the description thereof is omitted. 
In FIG. 19, legends lA, IB and 2C denote received signal 
input terminals, and legends 3A, 3B and 3C denote over- 
sample samplers. 

In the present embodiment, the operation which is the 
same as that in the eighth embodiment is performed 
basically, but a difference with the eighth embodiment is that 
a plurality of received signal input terminals and over- 
sample samplers exist. Here, an operation clock of the bfind 
equahzer with reliability information 5 is set to be a larger 
value, and the operation timing control circuit 18 is set to be 
capable of processing a plurahty of difi"erent received sig- 
nals. 

In the present embodiment, in the same manner as in the 
third and fourth embodiments, an addition value of fre- 
quency deviation and parameters of the blind equalizer can 
be changed. Moreover, enlargement of frequency coverage 
where the receiver operates and a stable operation in a wider 
channel can be realized accurately. 

In the present embodiment, the timing reproducing circuit 
21 outputs a reproduction timing signal based on timing 
information created by the operation timing control circuit 
18 so that accuracy of timing synchronization can be height- 
ened. For this reason, more satisfactory demodulation char- 
acteristic can be realized in comparison with the third or 
fourth embodiments. 

Further, in the present embodiment, a plurality of the 
received signal input terminals and over-sample samplers 
are provided so that the one blind equalizer with reliability 
information 5 can process a plurality of different received 
signals. 
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INDUSTRIAL APPUCABILITY 



As mentioned above, the receiver and the adaptive equal- 
izer method of the present invention are useful for wireless 
J communication such as mobile telephone, and particularly 
suitable for portable wireless communication equipments 
which are used in communication environments that inter- 
symbol interference occurs due to multipath propagation. 

What is claimed is: 

1. A receiver having an adaptive equalizer which judges 
a transmission data sequence by an adaptive equalizer 
process, said receiver comprising: 

a sampling unit which samples a received signal at a speed 
of not less than a symbol rate; 
15 a signal sequence distributing unit which outputs at least 
one signal sequence based on the sampled signal, each 
signal sequence having a different sampling timing; 

a plurality of blind equalization units with rehabiHty 
information which output decision values and their 
reliability information correspondingly to the respec- 
tive signal sequences without utilizing a training 
sequence; and 

a decision value selecting unit which selects an optimum 
decision value based on the reliability information. 

2. The receiver according to claim 1, wherein said blind 
equaUzation unit with rehabilily information includes, 

a blind equalization unit which outputs soft decision 
values in which rehability for each symbol is added to 
the decision values; and 

a reliability accumulation unit which receives the soft 
decision values per symbol and outputs a cumulative 
value of the reliabilities as reliability information. 

3. The receiver according to claim 1, wherein said bUnd 
35 equalization unit with reliabihty information includes, 

a blind equalization unit which receives the signal 
sequence and outputs square errors which are generated 
when data are judged as well as the decision values; and 

a reliability accumulation unit which outputs a cumulative 
40 value of the square errors as rehability information. 

4. The receiver according to claim 1 further comprising: 
a frequency deviation addition unit, which adds a fre- 
quency deviation to the received signal, provided at a 
stage before said blind equalization unit with rchabiUty 
information. 

5. The receiver according to claim 1 further comprising: 
a synchronization judging unit which performs unique 

word detection to obtain synchronization utilizing the 
decision values output by said plurality of blind equal- 
ization units with rehability information to detect 
whether the received signal is in a synchrooous state or 
in an asynchronous state. 

6. A receiver having an adaptive equalizer which judges 
a transmission data sequence by an adaptive equalizer 
process, said receiver comprising: 

a sampling unit which samples a received signal at a speed 
of not less than a symbol rate; 

a signal storage unit which stores the sampled signal; 
60 a blind equalization unit with reliabihty information 
which receives a signal sequence from said signal 
storage unit and outputs decision values and their 
reliability information without utihzing a training 
sequence operating at a clock faster than a signal 
65 sequence cycle; and 

a timing control unit which controls a timing at which the 
signal sequence is output from the signal storage and 



07/06/2004, EAST Version: 1.4.1 



us 6,560,278 B2 

19 20 

which controls a timing of said blind equalization unit the decision valueAeliability information output step of 

with reliability information to output decision data with outputting decision values and their reliabiUty infor- 

thc highest reliability as decision values. mation correspondingly to the respective signal 

7. The receiver according to claim 6, wherein said blind sequences without utilizing a training sequence; and 
equalization unit with reliability information includes, 5 the decision value selecting step of selecting an optimum 

a blind equalization unit which outputs soft decision decision value based on the reliability information, 

values in which reliability for each symbol is added to 18. The adaptive equalizer method according to claim 17, 

the decision values; and wherein the decision value/reliability information output 

a reliability accumulation unit which receives the soft ^^^P includes, 

decision values per symbol and outputs a cumulative 10 soft decision value output step of outputting soft 

value of the reliabiUty as reUability information. decision values to which reUability of each symbol is 

8. The receiver according to claim 6, wherein said blind added; and 

equaHzation unit with reliability information includes, reliabiUty cumulative step receiving the soft decision 

. Ki;«^ ^„,.<.i;-,«»;«« ..rui^u tu^ values of each symbol so as to output a cumulative 

a blind equalization unit which receives the signal . ^„ , r 

J , , ... * J -.c value or the rehabibties as reliability mformation. 

sequence and ou^ute square errors which are generated .5 ^ ^ ^^^^^ 

when dala are judged as weU as Ihe deasion values; and ^j^^^^j^ ^^^^^"^ value/reliabiUty infonnation output 

a reUability accumulation unit which outputs a cumulative j^^p includes 

value of the square errors as reUability information. ^^^^ g^ror output step of receiving the signal 

9. The receiver according to claim 6 further comprising: sequence and outputs square errors which are generated 
a frequency deviation addiUon unit, which adds a fre- '^^ when data are judged as well as the decision values; and 

quency deviation to the received signal, provided at a the reliability cumulative step of outputting a cumulative 

stage before said blind equaUzation unit with reUability value of the square errors as reUabiUty information, 

information. 20. The adaptive equalizer method according to claim 17 

10. The receiver according to claim 6, wherein a length of further comprising: 

a channel memory which is a parameter of the blind equal- '^^ the frequency deviation adding step, of adding a fre- 

ization unit with reUability information and the frequency quency deviation to the received signal, before the 

deviation can be controlled. decision value/reliability information output step is 

11. The receiver according to claim 6 further comprising: executed. 

a synchronization judging unit which performs unique 21. The adaptive equalizer method according to claim 17 

word detection to obtain synchronization using the further comprising: 

decision values and making a judgment whether the the synchronization judging step of performing unique 

received signal is in a synchronous state or in an word detection to obtain synchronization using said 

asynchronous state. pluraUty of decision values and making a judgment 

12. The receiver according to claim 1 further comprising: whether the received signal is in a synchronous state or 
a synchronization judging unit which performs unique ^ asynchronous state. 

word detection to obtain synchronization for each of 22. An adaptive equaUzer method of judging a transmis- 

said plural bUnd equaUzaUon units with reUability sion data sequence, the method comprising: 

information and making a judgment whether the the sampUng step of sampling a received signal at a speed 

received signal is in a synchronous state or in an of not less than a symbol rate; 

asynchronous state individually. the signal storage step of storing the sampled signal; 

13. The receiver according to claim 5 further comprising: the decision value/reliabiUty information output step of 
a reproduction timing generating unit which generates a receiving a signal sequence stored at the signal storage 

reproduction timing signal based on Uming information step and operating at a clock faster than a signal 

including output timing of the optimum decision value sequence cycle so as to output decision values and their 

and the unique word detected result. reUabiUty information without utilizing a training 

14. The receiver according to claim 12 further compris- sequence; and 

ing: timing control step of controlling a timing at which the 

a reproduction timing generating unit which generates a signal sequence is output by the signal storage step and 

reproduction timing signal based on timing information which controls a timing of the decision value/reUabiUty 

including output timing of the optimum decision value information output step so as to output decision data 

and the unique word detected resuU. with the highest reUabiUty as a decision value. 

15. The receiver according to claim 11 further comprising: 23. The adaptive equaUzer method according to claim 22, 
a reproducUon Uming generating unit which generates a wherein the decision valuc/reUabiUty information output 

reproduction timing signal based on Uming information 55 step includes, 

including output Uming of die decision value and the the soft decision value output step of outputting soft 

unique word detected result. decision values in which reUability of each symbol is 

16. The receiver according to claim 15, wherein said added to the decision values; and 

sampUng unit samples a pluraUty of received signals indi- the reliabiUty cumulauve step of receiving the soft ded- 

vidually at a speed of not less than a symbol rate. sion values of each symbol and outputs a cumulaUve 

17. An adapUve equalizer method of judging a transmis- value of the reliabiUties as reUabUity information, 
sion data sequence, the method comprising: 24. The adapUve equaUzer method according to claim 22, 

the sampUng step of sampUng a received signal at a speed wherein the decision value/reUabiUty informaUon output 

of not less than a symbol rate; step includes, 

the signal sequence distributing step of outputting at least 65 the square error output step of receiving the signal 

one signal sequence based on the sampled signal, each sequence and outputs square errors which are generated 

signal sequence having a different sampling timing; when data are judged as well as the decision values; and 
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ihe reliability cumulative step of a cumulative value of the 
square errors as reliability information. 

25. The adaptive equalizer method according to claim 22 
further comprising: 

the frequency deviation adding step, of adding a fre- 
quency deviation to the received signal, before the 
decision value/reliability information output step is 
executed. 

26. The adaptive equalizer method according to claim 22, 
wherein a length of channel memory v/hich is a parameter at 
the decision value/rehability information output step and the 
frequency deviation can be controlled. 

27. The adaptive equalizer method according to claim 22 
further comprising: 

the synchronization judging step of performing unique 
word detection to obtain synchronization utilizing the 
decision values and making a judgment whether the 
received signal is in a synchronous state or in an 
asynchronous state. 

28. The adaptive equalizer method according to claim 17 
further comprising: 

the synchronization judging step of performing unique 
word detection to obtain synchronization in the unit of 
the decision value/reliability information output step of 
outputting the decision values and their reliabilities and 



making a judgment whether the received signal is in a 
synchronous state or in an asynchronous state. 

29. The adaptive equalizer method according to claim 21 
further comprising: 

5 the reproduction timing generating step of generating a 
reproduction timing signal based on timing information 
including output timing of the optimum decision value 
and the unique word detected resuU. 

30. The adaptive equalizer method according to claim 2S 
10 further comprising: 

the reproduction timing generating step of generating a 
reproduction timing signal based on timing information 
including output timing of the optimum decision value 
and the unique word detected result. 

31. The adaptive equalizer method according to claim 27 
further comprising: 

the reproduction timing generating step of generating a 
reproduction timing signal based on timing information 
including output timing of the decision values and the 
unique word detected resuU. 

32. The adaptive equalizer method according to claim 31, 
wherein the sampling step samples a plurality of received 
signals at a speed of not less than a symbol rate individually. 
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